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PREFACE 

To enhance the utility of this report ,  the "Classified" data  which describe the Apollo Mis- 

sion Planning Task Force (AMFTF) Design Reference Mission (DRM) have been placed in 

this volume. The additional guidelines which were used in the t ra jectory studies are listed 

in  Appendix A. The weights data f o r  the mission are presented in Appendix B, and the  

data  re la ted to engine performance a r e  presented in Appendix C. 

I 

I 
I 
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APPENDIX A 

TRAJECTORY COMPUTATION GUIDELINES 

Section 2 . 3 . 3  in  Volume I (Mission Description) of this document contains general t ra jectory 

ground rules.  In order  to define more  completely the desired character is t ics  of the Design 

Reference Mission trajectory,  additional guidelines were derived. 

provided to the MSC Mission Planning and Analysis Division for their  use in performing 

the t ra jectory computations and a r e  itemized herein: 

These guidelines were 

0 Phase  1 . 0  Preflight - None 

0 Phase  2.0 Earth Ascent - Earth liftoff weight shall be 6 ,000 ,000  pounds. 

azimuth shall be such that it results in the largest  Service Module propellant 

expenditure within the optimum 26 degree launch window for the selected launch 

date. A daylight launch is required. 

Launch 

0 Phase  3 . 0  Earth Parking Orbit - Five S-IVB vents, expelling 550 pounds during 

each vent, and causing a 4 fps increase in velocity magnitude in the direction of 

motion per  vent at 30 minute intervals, shall take place during ear th  orbit. 

0 Phase  4 . 0  Translunar  Injection - Translunar injection shall be accomplished 

during the second ear th  parking orbit and establish a f ree-return,  circumlunar 

t ra jectory having a 21 + 1 5  nautical miles vacuum perigee altitude. 

0 Phase  5 . 0  Initial Coast Through S-IVB Jettison - Transposition and docking shall 

begin 15 minutes after the end of translunar injection. 

S-IVB shall be jettisoned. 

shall  be 86,600 pounds. 

Thirty minutes la ter  the 

After jettison of the S-IVB, the spacecraft g ros s  weight 

Phase  6 .0  S-IVB Jettison to Lunar Orbit Insertion - Three midcourse corrections 

totaling 300 fps delta V shall be assumed to occur during translunar flight (see 
note 4 below). 

pounds shall  be used for all SPS engine burns. 

A specific impulse of 313 seconds and thrus t  magnitude of 21,900 
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0 Phase 7 . 0  Lunar Orbit Insertion - Lunar orbit insertion shall result  in a near- 

circular orbit 80 f5 nautical miles altitude above the selected landing site radius. 

The resultant parking orbit  shall be such that the CSM will pass  over  the landing 

site during i ts  third orbit and that the maximum out-of-plane condition of the 

landing site during the LEM lunar stay will be 0. 5 degrees. 

0 Phase 8 . 0  Lunar Coast to LEM Separation - Two passes  over the landing s i te  are 
required pr ior  to initiating the LEM Transfer  Orbit Insertion (TOI) burn. 

0 Phase 9 .0  CSM Solo Lunar Orbital Operations - None 

0 Phase  10 .0  LEM Descent 

- Phase 1 0 . 1  LEM/CSM Separation - The LEM weight, p r io r  to  separation, 

shall be 29,870 pounds. A 5 fps delta V RCS burn shall be assumed fo r  

separation. 

to be 295 seconds. 

The LEM RCS specific impulse for  all burns shall be assumed 

- Phase 10.2 Transfer Orbit Insertion - A 28-second low-thrust (1050 pounds) 

period using the LEM descent engine shall precede the high-thrust (10,500 

pounds maximum) period of the TO1 phase. 

LEM into a Hohmann t ransfer  descent orbit having a 50,000 foot pericynthion 

altitude. 

as presented in Figure A-1 (from reference I O )  shall be used for all LEM 

descent engine burns. 

The insertion maneuver shall place 

The GAEC-estimated nominal specific impulse versus  thrust  variation, 

Phase 10.4 Powered Descent to Beginning of Visibility - The LEM powered 

descent phase from 50,000 feet altitude shall begin with a 28-second, low-thrust 

(1050 pounds) LEM descent engine burn period. 

descent (up to the beginning of the visibility phase) shall be performed with a 
maximum thrust  value of 10,500 pounds (the actual value required will be that 

which i s  called for  by the guidance system). 

phase shall occur at approximately 7 nautical mi l e s  slant range from the land- 

ing site. 

The remainder of powered 

The beginning of the visibility 

I 
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t 

- Phase 10.5 Beginning of Visibility to Hover - The look angle during this phase 

(the angle between the negative x-body axis of LEM and the line of sight to the 

landing site "aim point"*) shall average 35 degrees.  The chosen "end point"* 

for the guidance system shall be 200 feet above the landing site and 1,000 feet 
uprange from the landing site "aim point"*. The corresponding inertial  velocity 

vector at this "end point"* shall have a magnitude of 10 fps and a direction of 

10 degrees below the landing site horizontal. 

- Phase 10.6 Hover to Touchdown - Guidelines that shall be assumed for this  

phase are contained in reference 9. 

0 Phase 11 .0  LEM Lunar Stay - The LEM lunar stay period shall be approximately 

35 hours. The landing site shall  lie within the region bounded by *5 degrees 

selenographic latitude and +45 degrees selenographic longitude. The altitude of 

the site shall be that corresponding to the current  USAF Aeronautical Chart and 

Information Center (ACIC) lunar map information available on such a site. The 

lighting conditions at touchdown shall be within the 15 to 45 degree over-the- 

shoulder elevation angle, as required by ground rule  7 . 1  of reference 8. (This 
requirement was not met during the mission trajectory computation due to so la r  

epheremis computational e r r o r s  but this did not effect trajectory computational 

accuracy. ) 

0 Phase  12 .0  LEM Ascent - 

- Phase  12 .1  Powered Ascent t o  Transfer Orbit Insertion - The LEM launch weight 

shall  be 10,500 pounds. The launch t ime and guidance system end point con- 

ditions shall  be optimized such that the burnout conditions yield a 35,000 foot 

pericynthion orbit  with a 50,000 foot burnout altitude. A vertical  thrusting 

period of 12  seconds, a thrust  magnitude of 3,500 pounds, and a specific 

impulse of 306 seconds shall be used for the computation of the LEM ascent 

trajectory . 
- Phase 12 .2  Coast to Terminal Rendezvous - A 50 fps delta V midcourse 

correction, using the LEM RCS, shall  be assumed to resul t  in a change in 

LEM weight during this phase (see note 4 below). 

- - - - - _ _  
See Section 4 fo r  definitions of :'end point:' and ::aim point::. 
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- Phase  12.3 Terminal Rendezvous - A three-burn LEM RCS rendezvous 

sequence shall be initiated when the LEM/CSM line-of-sight range attains a 
value of 5 nautical miles. A thrust value of 200 pounds shall be assumed (two 

jets) to provide the following range/range-rate schedule: 

Range at Initiation 
of Thrusting (n. mi. ) 

G i3z N Scheduled 
Range Rate (fps) 

5 

1 .5  

0.25 

-100 

-20 

-5 

- Phase  12.4 Docking - A 25 fps  delta V LEM RCS expenditure shall be assumed 

to be applied for docking. 

0 Phase 13.0 Lunar Orbit Coast to Transear th  Injection - P r i o r  to LEM jettison, a 

t ransfer  weight of CSM of 590 pounds (510 pounds crew-plus-equipment and 80 

pounds scientific equipment-plus-lunar samples) shall be assumed. 

0 Phase 14.0 Transear th  Injection - Transear th  injection shall be initiated after the 

22nd pass  of the CSM over the landing site (two orbits after rendezvous). 

resultant transearth orbit shall satisfy the terminal  inclination and entry range 

constraints as noted in phase 16.0 below and should have a transit  t ime of l e s s  

than 110 hours. 

The 

0 Phase 15.0 Transear th  Coast - A 300 fps midcourse correction delta V expenditure, 

assuming SPS thrusting, shall be assumed to change the CSM weight during this 

phase. P r io r  to entry, the SM shall be assumed to  be jettisoned and result  in a 
CM entry weight of 9 ,500 pounds. 

Phase 16.0 Entry - The equatorial inclination of the geocentric t ransear th  plane 
shall not exceed 40' and no nominal cross-range meneuvering shall be accomplished. 

Although there is no ear th  landing lighting constraint for  design purposes, the  

trajectory shall terminate in a daylight landing. 

0 Phase 17 .0  Farachute Descent - Earth landing shall be assumed to take place 

within a 200 to 600 nautical mile radius east of one of the  two pr imary landing 

areas (Hawaii o r  Pago Pago) as defined in reference 8 (21.367°N/157.9670W o r  

14.25'S/170. 25OW). 

occur at a CM gross  weight of 9,242 pounds. 

0 

The beginning of the parachute descent shall be assumed to 
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0 Phase  18.0 Post  Landing Through Spacecraft Retrieval - The landing weight of 

the spacecraft shall be assumed to be 8,624 pounds. 

GENERAL NOTES: 

(1) The standard astrodynamic conversion factors and constants of reference 8 shall be 
used for the computation of the Design Reference Mission trajectory. 

(2) No guidance, contingency o r  evaluation uncertainty delta V expenditure shall be expended 
during any of the powered flight phases of the mission 

(3) Altitudes are measured above the earth spheroid described in reference 8 o r  lunar 
landing site radius. 

(4) No effect on the orbit shall be assumed as a result  of the midcourse correction 
application since it is to be assumed that no e r r o r s  are made during powered phases. 

(5) The weights used in the computation of the DRM trajectory a r e  essentially based on 
CSM Block I design hardware which were  i n  effect at the t ime of the trajectory 

computation. 
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Figure A-1  Estimated Performance of LEM Descent Engine 
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APPENDIX B 

MISSION WEIGHTS 

I 

The space vehicle weight breakdown by stage and the spacecraft weight by module is 

presented in Table B-1. These weights were used in the computation of the weight-time 

history of the Design Reference Mission (DRM) (Table B-2), the Maximum Propellant 

Mission (MPM) (Table B-3) and the trajectory upon which these missions are based. 

addition, the other  consumables that would have been expended during the DRM were 

computed and resulting modified DRM weight t ime history is presented in Table B-4 as 
the Design Reference Mission with Consumables Expended (DRMCE). The detailed 

breakdown of these consumables appears in Tables B-5 and B-6. 

In 

Table B-1  summarizes  the weight breakdown for the space vehicle while on the launch pad 

and at lift-off. 

of a 7,500,000 lb. effective sea-level thrust capability and a lift-off thrust-to-weight ratio 

of 1. 25. A 90,000 lb. t ranslunar  injected S-IVB payload, composed of a 57 ,100  lb. CSM, 

a 29 ,500  lb. LEM, and a 3400 lb. adapter, formed the basis of the DRM weight reporting. 

These weights were the existing control weights of the spacecraft at the t ime the DRM 

trajectory was computed, as delineated in references 16 and 17.  References 7 and 15  

were used to define the launch vehicle weight breakdown and thrust buildup propellant 

expended p r io r  to lift-off, respectively. 

The 6 , 0 0 0 , 0 0 0  lb. lift-off weight is required on the basis of the combination 

Table B-2 summar izes  the weight, time, and engine performance (i. e. specific impulse, 

delta V and propellant used) for  each phase of the DRM. The variable-thrust delta V and 

specific impulse values for the S-IC thrusting during the Earth Ascent (Phase 2.1.  l), and 

f o r  the LEM powered descent (Phases  10.4, 1 0 . 5  and 1 0 . 6 ) ,  were computed by integrating 
the thrust-to-mass ratio vs. t ime which was available from the computed t ra jectory data. 

All other  constant thrust  specific impulse burn periods assumed specific impulse values as 
i temized in Table B-2 for each powered flight phase. 
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The Maximum Propellant Mission (MPM) described in  Table B-3 is characterized by 

the fact that all of the spacecraft budgeted delta V is assumed to be expended during each 

phase. This includes minimum-plus-flexibility, guidance, evaluation uncertainty, and con- 

tingency delta V allowances (e. g. LEM rescue) throughout the mission. The delta V's  and 

corresponding engine burn t imes of the DRM were therefore changed for each powered 

phase as specified by the delta V budget tables in References 16 and 13. Coast t ime 

increments subsequent to spacecraft thrusting phases were adjusted in such a manner 

as to provide a mission trajectory that would approximate the DRM in t ime and space. 

Since the DRM trajectory was chosen in such a way as to be close to exercising the full 

delta V capability of the SM, the MPM requires  relatively small additional delta V and 

propellant expenditure. The total propellant consumed during the M P M  by the SM is 

37, 175 lb. and is within 75 lb. of the 37,100 lb. propellant loading budgeted for  the 

90, G O O  lb. spacecraft. The difference resulted from computational accuracies. If 

consumables other than propellant were taken into account, as discussed below, the 

propellant expended fo r  the same expended delta V would be l e s s  than 37,000 lb. 

The DRM with Consumables Expended Mission (DRMCE) of Table B-4 was constructed on 

the basis that the DRM timeline, which assumed no consumable expenditure other than 

translation propellant, would not be effected by expenditure of consumables. 

the DRMCE, it was assumed for comparative purposes that both the CSM and LEM were 

loaded such that their lift-off weights would correspond with these of the DRM. Thus,  any 

prelaunch consumable expenditures were considered to require  loading CSM and LEM in 

excess  of their  lift-off weights. Table B-4 indicates that correspondingly l e s s  propellant 

is needed f o r  the DRMCE mission as compared to the DRM; this amounts to 293 pounds 

for  the CSM and 27 pounds for LEM. 

To construct 

Tables B-5 and B-6 present a detailed breakdown of the consumable expenditure require- 

ments f o r  CSM and LEM based on the DRM timeline. All consumable expenditures other 

than main engine or RCS translation propellant were considered in the preparation of 

these tables. 

the DRMCE mission weight history of Table B-4. It will be noted in  Table B-5, which 

was prepared by North American, that changes in consumables such as food are shown 

during thmst ing as well as coasting phases. This  resul ts  from the assumption that 

urine and feces are generated continuously, although they may be t ransferred inter- 

mittently. To maintain a horizontal balance of weight in Table B-5, it was therefore  also 

assumed that food and biological water are consumed continuously. 

Sub-totals for each phase were itemized and used for the computation of 



The Control weights for the spacecraft that are shown in Table B-1 and which were used in 

the above trajectory computations a r e  currently being revised. Since these changes a r e  not 

large,  and the gravitational t e r m s  in the integrated t ra jectory computations a r e  usually 

small ,  it is not expected that they would have a large effect on the trajectories shown in 

this report. 

However, the new control weights may require that future revisions of the DRM be based 

on non-free re turn  translunar trajectories with longer coast times. The longer translunar 

coast t imes will require l e s s  propellant expenditures at translunar injection and lunar 

orbit insertion. 
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Table 1 

Space Vehicle Weight Summary 

rtage/Module 

s-I c 

s- I1 

s-IVB 

Spacecraft 
CSM 
CM 
SM 

LE M 

~ 

Description 

Lift-off Weight (6,000,000 lb. ) Minus Upper Stages 
Damp Weight * 
Propellant - Mainstage After Liftoff 

- Thrust  Buildup 

Lift-off Weight (1,384,356 lb. ) Minus Upper Stage 
Damp Weight 
S-II/S-IVB Interstage 
Launch Escape System (LES) 
Propellant 

Damp Weight 
Propellant - 1st Burn, Ear th  Orbit Insertion 

- Ullage Vents (5) 
- 2nd Burn, Translunar  Injection 
- Reserves 

Lift-off Weight (360,248 lb. ) Minus Spacecraft 

Lift-off (86,600 lb. ) Plus Adapter 
Command & Service Module (57,100 lb. ) 

Command Module (incl. LEM Crew)** 
Service Module Damp Weight 
Propellant (SPS) 

Adapter 

Lunar Excursion Module 
LEM Damp Weight (W 
Propellant - Descent 

- Ascent 

Space Vehicle at Ground Ignition - Total 
Minus : Thrust  Buildup Propellant 

Space Vehicle at Lift-off 

Weight - Lbs 

(4, 718, 066) 
353,068 

4,262,576 
102,422 

(1,024,108) 
98,207 

9,450 
6,600 

909,851 

30,400 
79,296 

2,750 
148,055 

( 270,248) 

9,747 

( 90, 000) 

9,500 
10,500 

3,400 

8,376 
15,943 
5,181 

37) 100 

(6, 102,422) 

(6, 000, 000) 

- 102,422 

* Damp Weight E Inert Weight + Unused Propellant + Consumables, etc. 
** LEM Crew (2) and Equipment = 45U lb. (translunar) 

(LEM Crew (2) Equipment and Lunar Samples = 590 lb. (transearth) 



Table B-2 

Mission Phase Weight and Performance Summary-DRM 

. J . O  PRETLIGHT 
1.1-- SPACLVEHICLE PRELAUNCH 'SSITI11tI l I lG 

~- ~ 

1.2 PRELAUllCH CHECIQUT 
1 . 2 . 1  LAUNCH - FACIL IT IES-S?ACEVEHICLC INTERFACE -~ 

.. 1 . 2 , 2  SPACEVEHICLE CHEC:<SUT -~ 

_____p~ 1 . 3  LAUNCH CSUNTOSWII ~~ 

1 . 3 . 1  PRECSUEITOWN (SPACECRAFT FUELI I IG)  

1 . 3 . 2  TERl l lNAL CSUNTDSWN (LAUNCHVEHICLL FUELTNG) 

1 . 3 . 3  IGI I IT ISE!  CStlMAtIO 

~- 

p~~~ ~ - 

5 . 0  I N T I A L  T?AI!SLUIIAR C2AST THEU 5 - I V "  JLTTIS?t I  
5 . 1  I N I T I A L  C11AST T? T R A N S r 2 S I T I ? N  

~- ~- 
5 . 2  - T R ~ W S P ? S I T I S ~ '  + DSC~:ING 

5 . 3  C ~ A S T  THCU 5 - i v c  J E T T I S ~ N  

s - i v e  JETTIS?N TS LUNAR ~ C I T  INSERTICN 

CSAST T? F I R S T  MCC ~ 

pzl C 2 A n  MRO FRTTRE 

c . 3 . 2  THIRD f ~ l O C ? U R S ~ ~ C 1 1 R R E ~ T ~ S N ~  ~- ~~ ~~ 

PREPPRATISN FCR LUNAR S R ? I T  IblSERTI11N 

8 .0  LUNAR 11REIT CSAST T11 LEI: SE7ARATISN 
LUNAR C R C I T  C2AST 

a : T - ~  -TW?&KETT?T! L E "  SE'CRATI':' 
~ -____~- ~ ~ I 
I 
'Results in 4 fps Veloclty Magnitude Increase in the Flight Direction 

Do600 00 3 5 C  58 4 I8I1: 
86600 00 5 5 58 4 5 023 

7 5  00 00 00 

3 0  3 1 3  00 1 5 C  00 -1?9@ 3 5  
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Table B-2 (Cont'd.) 

1 2 . 2  CZAST T? T E R ~ t f E M  R m m S  
1 2 . 2 . 1  

1 2 . 2 . 2  F I R S T  MIOCWRSE CCRRECTII7N 

12.2.3 Cc7AST TL7 SCCCNO MCC 

1 2 . 2 . 4  SCCCNO I I I O C C U R S E  CCRRECTICN 

12.2.5 CCAST 113 TI-IIRO ClCC 

12.2.6 THIRO IIIOCCURSE CCRRECTICN 

12.2.7 C2AST IC TER:.IlNAL RLi;DEiV?US 

12.3.1 F I R S T  THRUSl lNC A T  5 N . M I  L 2 S  RANGE 

12.3.2 t Z A 5 T  T? SEOFIC TFmUSTIR6 

C Z A S T I N G  LUNAR ASCENT TC F I R S T  I lCC 
- ~ ~ - ~ p - ~  ~ 

. ~- -~ ~~ ~~ ~ 

~- 

- ~. -~ -- ~~ 

12.3 TERIIINA? RENOEZVCUS 

. .  m p  RT l . T m .  L?S R A N E  

12.3.4 CCAST TS THIRD T H R U S T I N G - - ~ - ~  ~ 

12.3.5 THIRD THRUSTING A T  0.25 N . ! 4 I .  LSS RANGE 

~ 

n . 4  ~~ DZCKING ~~~ 

12.4.1 C L G I k l  OCCI. 

12.4.2 I lARD USCK 

13.0 LUIIAR 17RLIT CPAST 12 T E I  
7 3 7  ~ C?AST T? L f f l  J T T I F B - -  i I 

13.2 JCTTIS?I .  L L i l  

13.3 PREPARATI?N F?R T i l  

15.2 CZAST THRU S5C?tlD H t C  
1 5 . 2 . 1  C87AST TC SCCCNO M t C  

15.3 CZAST THRU T l l l R O  i lCC 
15.3.1 C'AST 17 T H l R O  l lCC 

15.3.7 T l l l R f l  IllIIC?UP.Sl C?RRLlCTl?N 

l 5 . 1 < , 2  JLTTIS,'tI 5 

1 . 5 1  Sll  JLTTISPI I  Ti' I' TR! 

1; _ "  C I ' T f Y  

17.0 FARACIIIIT; JSC~IIT:D?\CGIIE O E ? L ? Y  TS TZUCHD?CINI 

" _  "ZST LA!llll! 'G Tl l% S"ACECRAr1 R-AL 

Jnderlme Values Differ From Manual Hover-To-Touchdown.. 

J l iULCTIVE ELAPSED ELAPSED' PHASE 1SP DELTA-V PROPELLANT 
T I I I E  T I I N E  USE0 

EC) ( F ' S )  
WEIGtIT ~ T I ~ ~ E  

rLci (Hi (11) (sr  (mr [ I I I N I  (s 

YJ437.22 38 _ _ _  4 14 3 68.070 

21567.22 68 24  14 3 68.4C3 
.oo . 00 

. 00 
20.00 .oo 

2240.03 . 00 .oo 

-. - -  - 
-15933.17 69 31 1 8  3 69-91 

1 .08 289 1 2  336.23 -565 62 

~~ ~~ ~~ ~~~ 

7 5 3 t l .  55 -Tm 7372 - - 6 9 . 5 3 5  
14.66 .OO .oo . 00 

2008.25 .OO . 00 . 00 
61.75 .oo . 00 . 00 

15367.55 69 47 3.0 69.784 

15367.55 103 15 1Q.n 103.255 
- ~ ~ - _ _ _ _ _  

105CO.00 134 T 7  7 . 7 '  104.284 
7.05 306.00 6081 .61 -4838.69 

x661 30 104 24 8 'I 104 '102 

5661 30 10- L? ___ 104 552 

5641 06 104 33 37 7 104 560 

56111 06 1 0 4  47 8 9 JOLL82 
5634 53 104 47 18 2 104 788 

5634 53 104 57 8 2- 1 0 4 3 5 2  

5631 56 104 57 13 2 104 953 

Y uu 00 

48 295 00 

13 52 00 

-T7 235 00 

g 84 00 

07 295.00 

13.76 00 

. 00 
34.00 

.oo 

11 .oo 
.oo 

5.00 

. 00 
5631 56 10577 0 2 105 183 

5631 56 iI)5 11 0 7 1 C 5  1 8 j  
00 00 00 

'@*  OQ 
1 34 295 00 5 2  84 

5s 105 15 13 4 

5576 74 105 16 34 3 105 276 
5576 74 105 1 3  8 1 

2 57 00 00 

Tm3rJ 1 2  2o oo '1 
- ~ 

~ 

00 

-20 24 

00 

-6 53 
00 

-2 96 

00 

.oo 
.m 

-54.81 
00 

-5.05 
5571.62 lo5 19 16.4 ~ - los./Y 
5557.03 105 34 16.4 2.171.-- 

15.00 295 .00  25.00 -14.65 

1o.00 - .oo 00 on 
35mn6~-rn5-~44-16.4 m.7n 

30.00 .oo , 00 .oo 
. 00 .oo 

35121i.26 106 14 16.4 lO6.237 

30157.22 106 15 34.4 106.259 1L3' ~ ' O 0  
on no 

YT57.22 I09 M 13.3 10'  . .  137 
1.71 313.00 2747.":8 -7201 71 

21-55 31 10? 9 56 2 10" 1G5 

77'55 31 129- F5-5d-I -- I b 5  
1200 00 00 CO 00 

08 313 00 150 @O -333 38 

.~ 
5500.10 128 i 5  33.8 1?8.29-- 

10.46 . 00 00 00 

7.10 .oo .oo . 00 S L ' I L . U U  138 26 1 . 4  136 . .  "33 
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Table B-4 Mission Phase Weight & Performance Summary - 
Design Reference Mission with Consumables Expended (DRMCE) 



B-IO 

Table B-4 (Cont. ) 

\ T I ? N  59033.00 6 8 ~  4 14. 3 68.070 I --2LZ- * ILUNAR ?RGIT  CSAST ( T S  PHASE 13 01 29171.80 68 24 14.3 68.403 
1 m - -  -m-- ---.o . 00 

__ 

~~ LEI4 SEPARATlSN AND UtSCENT 
LEll 'CS!4 SEI'ARATISN + PREPARATISN F?R DESCENT 

1 1 1 . 1  ,I L E l l ' C S l l  SC-ARATISN Z"R64 51t 68 4 I 4  3 68 070 

IO 1 2 "REPARATI?ll F?R DESCCNT 27842 75 68 1 1  4 3 68 1 8 4  

TRANSFER X C T T  INSERTIJN 

C?AST T? I I I IT lATIL7N ?t W W L R E D  DESCENT 2J51G 13 68 24 48 4 6E.bi  

PPWERED DESCENT T? GtGlNNlNG JF V I S I D I L I T Y  

BEGINNING ?F \.ISIPILITY TJ HCLER 

HJVER T? T?UCHD?WN 

56 299 36 101 I 

29494 64 69 22 52 8 59 38 

LUNAR E PL?PATICII 

PRELAUNCH PKEPARATIZN 

5659 21 104 24 8 9 1011 402 
7 w - 0 0  

RST MIDCWRSE CZRRECTIZN 5655 5'1 104 33 8-9 104  5 5 2  

12 2.3 W A S 1  TC SECSNO MCC 5634 95 104 33 37 7 104 560 

5630 57 104 41 Bs ~ 104185 13 295 UU 7 1  6 0  
C?AST T 2  THIRD MCC 5623 y3 104 47 18 2 104 788 

5620 29 104 57 8 9 104 252 

~ C?AST 12 TtREIINAL RENDEZVSUS- -5611.27 104 57 U J  104 -53 
RMINAL REIKtEZV?US 

g 84 00 

1 0 5  1 1  0 Z 105 183 

105 15 13 4 165153 

12.4 2 HARD kLCK ~ 5520 02 lo5 34 16 4 _LO157 

SEC?NO bIIUCZURSE C?RRECII>N . 

21322 84 174 9 59 F 17- 
15.3 2 THIRD I I IDCWRSE CJRRECTISN 21750 60 197 1 5  33 8 197 Z59 

02 313 00 -- -~ _ _ ~  

4 2 J E T T I S C N  SEI 





* 
d 
\ m 
d 
I 

m 

I 



0 
0 

0 

u3 
d m 

d 
m 
I 
- 

0 
c- m 
c- 
I - 

0 
0 
N 

m 
- 

0 
0 * 
d - 

* m 
e 
m 
I 
0 
m 
m 

N N 
I - 

0 
0 
rt 
m' 
- 

0 
0 
W 

m 
I 

m' 

0 
0 e 
m 
I - 

0 
0 
m 
m 
d 
I - 

W 

t- 

N 
I 

m 

- 
0 
0 
m 
m 
d - 
0 
0 
W 

0 
N 
I - 

In * 
W 

f- 
N 

0 
0 

0 
0 
N d 

- 

- 

- 

_1 

m 
0 
rt 

W 
3 d 

I - 

0 
N 
N 

c- 
d 
1 

0 
In e 
i 
m 
- 

0 
m 
d 

m - 

0 
m 
W 

t- 
L 

0 3 

t- 

N 

I 
m 
- 

0 
m 
3 

oi 
d - 
m 
N e 
m 
t- 
L 

0 
m 
d 

t- 
I - 

m 
e 0 

d m 
I - 
0 
0 m 
m d 

L 
m e 
0 

rl m - 
m e m 
W e 
- 

m 
r8 
W 
d 
W - 
7 4  m 
c5 
m 
W 
N - 

0 N 
m 
01 
I 

i 
d 
0 

I 

- 

d 
i 
0 

N 
0 
0 

m 
0 
0 

I - 
3 
W 
N 

N 
I 

m 
0 
0 

t- 
e 0 

I 

* 
0 
0 

I 
- 

m 
d 
0 

I 

- 
* 
0 
0 

I 

- 

h d 

3 

m 
N 
0 

I 

n m 
3 

- 
d e- 
rl 

P 

n 
a 3 5 -  w 

rl - 
2 
Y -3 42 

IC 
I 

m 

I 

, , 121 



P 



Table B-6 
LEM and Total Spacecraft Consumable Summary for DRMCE Mission 

i 

I 

d 

I 

> 
I 

I 

I 

I 

1 

c 

B- 19 



B-20 

Table B-6 (Cont'd.) 

-e!!!-- 



~ 

B-21 

Table B-6 (Cont'd.) 



B-22 

Table B-6 (Cont'd) 



B-23 

I 
W 

d- 

Table B-6 (Cont'd.) 

I 

f 

a 
C 
X 
0 

! 

i 
C 
I 

0 

t 
f ; 
s c 

1 
I 



B-24 

Table B-6 (Cont'd.) 

I,- 

r 



APPENDIX C 

ENGINE PERFORMANCE PARAMETERS 



c- 1 

APPENDIX C 

ENGINE PERFORMANCE PARAMETERS 

Figures C-1 through C-12 present the engine performance parameter  t ime histories fo r  each 

powered flight phase of the DRM. Included are the t ime variation of delta V, thrust ,  fuel 

remaining, and thrust/weight ratio. 

6 6 During the S-IC burn ( Figure C-1) the thrust increases  from 7. 5 x 10 to 8 .63  x 10 

due to the increase in exhaust gas velocity with increasing altitude. 

burn (4 .5  seconds-to-go), the thrust  tailoff was approximated for  the trajectory computation 

by reducing the thrust  to a constant value of 6 .9  x 10 lbs.  The thrust/weight ratio varies 

from 1. 25 at lift-off to 4. 7 p r io r  to  the tailoff. 

Near the end of the 

6 

Figures C-2 and C-3 present the S-I1 and S-IVB engine performance parameters  and 

i l lustrate their  constant 1 .  0 x 10 lb and 200,000 lb. thrust levels, respectively. The 

corresponding maximum thrust/weight ratios for  the S-I1 and S-IVB are 2.02 and 0.71. 

Figures C-4 and C-5 present the translunar injection and lunar orbit insertion S-IVB second 

burn SPS engine performance data. 

and the maximum thrust/weight ratio is 1.53. 

a thrust  magnitude of 21, 900 lbs. which results in a peak thrust/weight ratio of 2.23 at the 

end of the burn period. 

6 

The S-IVB thrust  magnitude during TLI is 200,000 lb. 

During lunar orbit insertion the SES provided 

During t r a n s f e r  orbit insertion (Figure C-6), the LEM descent engine burns for  28 seconds 

a t  the 1050 lb. thrust  level, followed by 6.  1 seconds at the 10,500 lb. maximum level. 

The result ing thrust/weight ratio f o r  the first sub-phase i s  approximately 0. 2. 

l a t te r  sub-phase the thrust/weight ratio attains a value of 2. 17  at the end of the burn. 

During the 

The 28-second low thrust  period (1050 lbs) is again employed at the beginning of LEM 

powered descent (Figure C-7). 

then follows; a gradual thrust decay to  9400 pounds is then called for  by the guidance 

system until the beginning of the visibility sub-phase. 

tollowed by a gradual thrust  decay f rom 4900 lbs. to 4700 lbs. then takes place until the 

A maximum thrust period at 10 ,500  lbs. of 37 seconds 

A sudden thrust reduction, 
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pitchover to the hover point. The pitchover demands a double step-down thrust  schedule: 

the first at a constant thrust/weight ratio of 1. 5 (4000 lb thrust) until the 200 foot altitude 

level is reached, and the second level at a thrust/weight ratio such that the vertical  

component is 1 .0  (2700-2800 lb thrust) to provide constant altitude flight during the re- 
mainder of the pitchover. The remainder of the powered descent to  touchdown requires  a 

thrust  and thrust/weight excursion of 1150 to 4100 lb. and 0 .45  to 1 . 6 ,  respectively, 

depending upon the touchdown procedure followed. 

weight ratio of 3. 2 occurs at the beginning of the visibility phase. 

The maximum descent stage thrust/ 

A 3500 lb. constant thrust  and a peak thrust/weight ratio value of 3. 7 are indicated in 

Figure C-8 for  the LEM powered ascent phase. 

Figure C-9, -10 aid -11 present the LEM terminal rendezvous RCS performance require- 

ments. No thrusting is required fo r  the first scheduled burn at the 5 n. mi. LEM/CSM 

line-of-sight range due to the existing closing rate value of l e s s  than 100 ft/sec. 

the second and third burns two 100 lb. thrusters  are assumed to be used. The thrust/ 

weight ratio during this phase is almost constant at 0.036. 

During 

Figure C-12 presents the SPS engine performance parameters  during transearth injection. 

The 21,900 lb. thrust level provided the maximum CSM thrust/weight ratio for the mission 

of 5. 8 at the end of the burn period. 
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12.0 (104:17:05.9) 
Begin LEM Ascent 

I 
7 

6 

12.2.1 (104:24:08.9) Begin 
Coast to Terminal Rendezvous 

-4 I . .. " . 

0 100 200 300 400 500 
Time From Start of Ascent, Sec 

Figure C-8 LEM Powered Ascent Engine Performance Parameters 
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